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Approach guardrail transitions (AGTs) are commonly used to shield the ends of bridge 
rails and/or concrete barriers as well as provide a safe transition in lateral stiffness between 
deformable guardrail and the rigid parapet. AGTs are sensitive systems that are designed to 
gradually increase the lateral stiffness along the transition length. Improper designs or abrupt 
changes in lateral stiffness can result in guardrail pocketing, vehicle instability, and vehicle snag.  
The sensitivity of these roadside safety barriers has been observed through the development 
and evaluation of AGTs to the safety criteria provided in either the American Association of State 
Highway and Transportation Officials’ (AASHTO) Manual for Assessing Safety Hardware 
(MASH) [1] or National Cooperative Highway Research Program (NCHRP) Report 350 [2]. 
Modifying a single component or feature of an AGT can significantly alter its safety performance. 
For example, alterations to the shape of the rigid parapet, the presence of a curb, the embedment 
depth of the transition posts, or the guardrail height within the AGT can be the difference between 
a successfully crash-tested AGT and a non-crashworthy system [3-14]. Therefore, AGTs must be 
installed in their proper configurations to ensure crashworthiness. 
Typically, AGTs have been installed with a 31-in. (787-mm) top mounting height based 
on successful crash testing. However, roadway overlays reduce the effective height of the guardrail 
relative to the new roadway surface unless milling or grinding of the roadway occurs in 
conjunction with the resurfacing. Although limited research exists on AGTs with lower heights, 
full-scale testing on the upstream end of an AGT, which had stiffened W-beam rail mounted at a 
27.75 in. (705 mm) height, resulted in the rollover of a 2000P pickup truck [14]. The reduced 
guardrail height coupled with the increase in barrier stiffness caused the high center-of-mass 
vehicle to roll toward the system. Thus, reducing the effective height of an AGT below its nominal 
31-in. (787-mm) height is not currently recommended, as it has not yet met current 
crashworthiness requirements, and is not recommended until further research and testing is 
conducted. 
Transportation agencies who regularly resurface roadways without milling or grinding the 
original surface are often forced to remove AGTs adjacent to roadway overlays and replace or 
reset them to maintain a crashworthy height, typically 31 in. (787 mm) above the new roadway 
surface. Not only is guardrail replacement a costly addition to the resurfacing project, but it can be 
difficult to shift connection plates and anchorage hardware upward on the existing concrete 
parapets. The rigid buttress may not be tall enough to accommodate the vertical shift, or steel 
reinforcement may reside at the locations where the new anchorage hardware is needed. 
To account for future roadway overlays, many transportation agencies have begun 
installing concrete bridge rails and median barriers at increased heights. For example, MASH Test 
Level 4 (TL-4) bridge rails with nominal heights of 36 in. (914 mm) are being installed at 39 in. 
(991 mm) in anticipation of a future 3-in. (76 mm) overlay, which would bring the effective height 
of the bridge rail back to its nominal 36-in. (914-mm) height. With the safety performance 
concerns associated with low-height AGTs and the costs associated with replacing or resetting 
them after an overlay, there could be great benefits to installing AGTs at increased heights in 
anticipation of future overlays. However, the effects of increasing the installation height of an 
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AGT have never been evaluated. Thus, a need existed to develop and evaluate an increased height 
AGT for use with future roadway overlays. 
1.2 Objective 
The objective of this project was to adapt the thrie beam AGT used by the Nebraska 
Department of Transportation (NDOT) for a top mounting height of 34 in. (864 mm) to account 
for future roadway overlays of up to 3 in. (76 mm). The new 34-in. (864-mm) tall AGT was to 
incorporate the newly developed standardized transition buttress to minimize the risk of vehicle 
snag below the raised guardrail. Finally, the new AGT system was required to satisfy the Test 
Level 3 (TL-3) safety performance criteria of MASH 2016. 
1.3 Scope 
The project began with the modification of NDOT’s standard thrie beam transition to create 
the new 34-in. (864-mm) tall AGT system. Modifications were made carefully and strategically to 
maintain the strength of the barrier system, and the upstream end of the system was designed to 
attach directly to the MGS both before and after roadway overlays. The 34-in. (864-mm) tall AGT 
was then subjected to two full-scale crash tests in accordance with the MASH 2016 TL-3 testing 
evaluation matrix. Finally, results and conclusions were formulated and summarized in a summary 
report.   
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2 BARRIER DESIGN 
2.1 Guardrail Transition Design 
The existing NDOT standard guardrail transition provided the basis for the new AGT 
design. The downstream end of the NDOT transition consisted of 31-in. (787-mm) tall, nested 
thrie beam rails supported by W6x15 posts spaced 37.5 in. (953 mm) on center. This AGT 
configuration had been adapted from a number of AGTs successfully evaluated to NCHRP Report 
350 TL-3 criteria [15-17]. The upstream end of the NDOT transition utilized the MASH-
crashworthy Midwest Guardrail System (MGS) stiffness transition, which transitions from 
standard MGS guardrail to stiffened thrie beam AGTs with the use of an asymmetrical W-to-thrie 
transition segment and 6-ft (1.8-m) long W6x8.5 posts [18-19]. The existing NDOT standard 
transition is shown in Figure 1 [20]. 
In order to account for future overlays, the thrie beam rail segments of the AGT were raised 
3 in. (76 mm) to achieve a top mounting height of 34 in. (864 mm). Raising the posts with the rail 
segments would have reduced their embedment depth, thereby reducing the post-soil interacting 
forces and the stiffness of the AGT. Thus, all transition posts remained at their original embedment 
depths (i.e., 52-in. (1,321-mm) and 40-in. (1,016-mm) embedment depths for the W6x15 and 
W6x8.5 posts, respectively), and only the rail segments and blockouts were raised 3 in. (76 mm). 
Previous research has shown that blockouts and guardrail can be raised by up to 4 in. (102 mm) 
on a post without negatively affecting the performance of the barrier [21-23]. Thus, there was no 
concern that this raised rail-to-post attachment configuration within the AGT would create 
performance issues. 
The MGS stiffness transition was desired for continued use on the upstream end of the 
AGT. However, the increased height of the AGT would cause the adjacent W-beam to be installed 
with a rail height of 34 in. (864 mm) as well. Previous small car impacts on the upstream MGS 
stiffness transition mounted at the nominal 31-in. (787-mm) height resulted in some vehicle snag 
on the posts below the rail [18]. Although the snag was not enough to fail MASH safety criteria, 
increasing the height of the rail would further expose the posts, which may result in excessive 
vehicle snag. Thus, the MGS upstream from the AGT was to remain with a 31-in. (787-mm) rail 
height. 
To connect the 34-in. (864-mm) thrie beam to 31-in. (787-mm) MGS, the asymmetric W-
to-thrie transition segment within the MGS stiffness transition was replaced with the symmetric 
transition rail segment. This symmetric W-to-thrie segment allowed for an easy connection 
between the separate rail types using standard rail hardware. Additionally, the bottom edge of the 
symmetric transition rail segment has a shallower vertical angle as compared to the asymmetric 
segment (5.7 degrees vs. 11.3 degrees, respectively). Thus, the risk of a small car wedging under 
the rail during impacts, which could result in more vehicle snag, higher decelerations, and greater 
vertical forces to the bottom of the rail, was reduced. 
After a 3-in. (76-mm) overlay is applied to the roadway, the thrie beam AGT would be at 
its nominal mounting height of 31 in. (787 mm) relative to the roadway while maintaining the 
original post embedment depth. However, the MGS guardrail located upstream from the W-to-
thrie transition segment would have an effective mounting height of only 28 in. (711 mm), which 




































Figure 1. NDOT Approach Guardrail Transition Standard Plan [20] 
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rail after an overlay placement using a two-step process. First, the W-beam rail and blockouts 
should be raised 3 in. (76 mm) and reattached to the original posts. Recall that previous research 
determined that raising guardrail in such a manner was acceptable for vertical shifts up to 4 in. 
(102 mm) [21-23], which is greater than the 3 in. (76 mm) utilized herein. This process allows the 
MGS rails to be raised to their nominal height without having to replace or reset the posts while 
maintaining the nominal post embedment depth as well. 
Second, the symmetric W-to-thrie transition segment would be replaced with an 
asymmetric rail segment, matching the original MGS stiffness transition design. Thus, by replacing 
only a single rail element and shifting the existing W-beam up 3 in. (76 mm), the entire transition 
system would be at its nominal 31-in. (787-mm) mounting height and would maintain its 
crashworthiness after a 3-in. (76-mm) roadway overlay. Drawings of the 34-in. (864-mm) AGT 
both before and after an overlay are shown in Figures 2 through 4. 
 
Figure 2. 34-in. (864-mm) Tall AGT Initial Installation, No Overlay 
 
Figure 3. 34-in. (864-mm) Tall AGT After a 3-in. (76-mm) Roadway Overlay 
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Figure 4. System Cross-Sections both Before and After a 3-in. (76-mm) Roadway Overlay 
2.2 Concrete Transition Buttress 
The Midwest Roadside Safety Facility (MwRSF) recently developed a standardized 
concrete transition buttress to be compatible with various crashworthy, thrie-beam AGTs while 
maintaining a MASH TL-3 safety performance [12-13]. The standardized transition buttress 
incorporated a dual chamfered front edge to mitigate vehicle snag on the rigid buttress, as shown 
in Figure 5. The lower chamfer measured 4.5 in. (114 mm) laterally by 18 in. (457 mm) 
longitudinally and was designed to limit wheel snag. The upper chamfer measured 3 in. (76 mm) 
laterally by 4 in. (102 mm) longitudinally and was designed to mitigate vehicle bumper and frame 
snag on the buttress while limiting the unsupported span length of the rail between the buttress and 
adjacent guardrail post. The transition point between the two chamfers was located 14 in. (356 
mm) above the roadway surface. The upstream end of the buttress was 32 in. (813 mm) tall and 
included a 6H:1V vertical slope to bring the height of the buttress up to match the adjacent bridge 
rail while minimizing vehicle snag above the rail. Note, for 32-in. (813-mm) tall bridge rail, there 
would not be a vertical slope and the buttress would have a constant 32-in. (813-mm) height. 
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Figure 5. Standardized Transition Buttress Geometry 
One concern with developing a 34-in. (864-mm) tall thrie beam AGT was that increasing 
the height of the rail would expose more of the rigid buttress below the rail and increase the severity 
of vehicle snag on the buttress. Since the standardized buttress was specifically designed to 
mitigate snag for a wide array of AGTs, especially below the thrie beam rail, it seemed likely that 
utilizing the standardized transition buttress would help mitigate snag in the new 34-in. (864-mm) 
tall AGT. Additionally, the buttress was designed with a vertical front face that could be 
transitioned into a wide variety of concrete barrier shapes. Thus, the standardized buttress was 
selected for use as part of the new 34-in. (864-mm) tall AGT. 
Since the 34-in. (864-mm) AGT was being developed for future 3-in. (76-mm) overlays, 
the height of the standardized transition buttress had to be increased by 3-in. (76-mm), similar to 
the increased height of the thrie beam. Additionally, during the development of the standardized 
buttress, the height of the lower chamfer was shown be critical in mitigating the amount of wheel 
snag on the rigid buttress [12-13]. To ensure the crashworthiness of the system after roadway 
overlays, the height of the lower chamfer on the buttress was also increased by 3 in. (76 mm) from 
14 in. (356 mm) to 17 in. (432 mm), as shown in Figure 6. All other dimensions remained the same 
for this modified version of the standardized transition buttress. 
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Figure 6. Geometry of the Modified Standardized Transition Buttress  
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA 
3.1 Test Requirements 
Longitudinal barriers, such as approach guardrail transitions, must satisfy impact safety 
standards in order to be declared eligible for federal reimbursement by the Federal Highway 
Administration (FHWA) for use on the National Highway System (NHS). For new hardware, these 
safety standards consist of the guidelines and procedures published in MASH 2016 [1]. According 
to TL-3 of MASH 2016, longitudinal barrier transition systems must be subjected to two full-scale 
vehicle crash tests, as summarized in Table 1. Note that there is no difference between MASH 
2009 [24] and MASH 2016 for longitudinal barriers such as the system tested in this project, except 
that additional occupant compartment deformation measurements are required by MASH 2016. 

































1 Evaluation criteria explained in Table 2. 
 
Recent testing of AGTs has illustrated the importance in evaluating two different transition 
regions along the length of the AGT: 1) the downstream transition where the thrie beam connects 
to the rigid parapet and 2) the upstream stiffness transition where the W-beam guardrail transitions 
to a stiffer thrie beam barrier. Additionally, the 34-in. (864-mm) tall AGT described herein was 
designed for use both before and after roadway overlays, which effectively changes the barrier 
height relative to the roadway surface. The combination of these MASH tests, different transition 
regions, and pre- and post-overlay barrier configurations resulted in a total of eight recommended 
tests, but not all of them were considered critical or necessary to evaluate the performance of the 
new AGT. 
The upstream stiffness transition of the 34-in. (864-mm) tall AGT was specifically 
designed to replicate the MASH-crashworthy MGS stiffness transition [18-19]. Upon initial 
installation, the only difference between the two systems was that the 34-in. (864-mm) tall AGT 
utilized a symmetric W-to-thrie transition rail instead of an asymmetric transition rail. Since the 
W-beam upstream of the transition rail was mounted at its nominal 31-in. (787-mm) height, 
vehicles impacting this region of the barrier should not extend over the rail and roll excessively. 
Additionally, the bottom of the symmetric transition rail has a shallower slope, which would 
produce less snag as a small vehicle tries to wedge underneath the rail. Thus, there were no 
concerns about vehicle stability and/or snag on the upstream stiffness transition of the 34-in. (864-
mm) tall AGT prior to a roadway overlay. 
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After the roadway overlay, the symmetric rail segment is replaced by an asymmetric rail 
and the W-beam is raised 3 in. (76 mm) on the post to maintain its nominal 31-in. (787-mm) 
mounting height. Thus, after an overlay, the upstream stiffness transition is essentially identical to 
the MGS stiffness transition. Since the MGS stiffness transition was previously subjected to and 
successfully passed MASH TL-3 criteria, the upstream stiffness transition within the 34-in. (864-
mm) tall AGT would be MASH TL-3 crashworthy as well. Therefore, all crash testing of the 
upstream stiffness transition, both before and after an overlay, was deemed non-critical. 
At the downstream end of the AGT, the increased height of the thrie beam exposed more 
of the rigid buttress below the rail and increased the propensity for vehicle snag. The front ends 
and tires of both small cars and pickup trucks were susceptible to excessive snag by extending 
below the rail and impacting the rigid buttress. As such, both MASH crash tests were determined 
to be critical in evaluating the crashworthiness of the downstream end of the 34-in. (864-mm) tall 
AGT. 
After an overlay, the thrie beam would be at its nominal 31-in. (787-mm) height relative to 
the roadway, and the buttress geometry would be the same as the original standardized transition 
buttress. As such, the potential for vehicle snag on the buttress decreased as the exposed area of 
the buttress is smaller. Further, the standardized transition buttress was developed and MASH 
crash tested to be compatible with all crashworthy 31-in. (787-mm) tall thrie beam AGTs [12-13]. 
Subsequently, testing of the downstream end of the 34-in. (864-mm) tall AGT after the application 
of a 3-in. (76-mm) roadway overlay was deemed non-critical. Thus, only two full-scale tests were 
recommended for evaluating the crashworthiness of the 34-in. (864-mm) tall AGT, and MASH 
test nos. 3-20 and 3-21 were conducted on the downstream end of the transition with the rail 
mounted 34 in. (864 mm) above the roadway surface (pre-overlay configuration). 
It should be noted that the test matrix detailed herein represents the researchers’ best 
engineering judgement with respect to the MASH 2016 safety requirements and their internal 
evaluation of critical tests necessary to evaluate the crashworthiness of the guardrail transition. 
However, these opinions may change in the future due to the development of new knowledge 
(crash testing, real-world performance, etc.) or changes to the evaluation criteria. Thus, any tests 
within the evaluation matrix deemed non-critical may eventually need to be evaluated based on 
additional knowledge gained over time or revisions to the MASH 2016 criteria. 
3.2 Evaluation Criteria 
Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 
structural adequacy are intended to evaluate the ability of the guardrail to contain and redirect 
impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable. 
Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. Post-impact 
vehicle trajectory is a measure of the potential of the vehicle to result in a secondary collision with 
other vehicles and/or fixed objects, thereby increasing the risk of injury to the occupants of the 
impacting vehicle and/or other vehicles. These evaluation criteria are summarized in Table 2 and 
defined in greater detail in MASH 2016. The full-scale vehicle crash tests were conducted and 
reported in accordance with the procedures provided in MASH 2016. 
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In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 
were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 
MASH 2016. 
Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barriers 
Structural 
Adequacy 
A. Test article should contain and redirect the vehicle or bring the vehicle 
to a controlled stop; the vehicle should not penetrate, underride, or 
override the installation although controlled lateral deflection of the 
test article is acceptable. 
Occupant 
Risk 
D. Detached elements, fragments or other debris from the test article 
should not penetrate or show potential for penetrating the occupant 
compartment, or present an undue hazard to other traffic, pedestrians, 
or personnel in a work zone. Deformations of, or intrusions into, the 
occupant compartment should not exceed limits set forth in Section 
5.2.2 and Appendix E of MASH 2016. 
F. The vehicle should remain upright during and after collision. The 
maximum roll and pitch angles are not to exceed 75 degrees. 
H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of 
MASH 2016 for calculation procedure) should satisfy the following 
limits: 
 Occupant Impact Velocity Limits 
Component Preferred Maximum 





I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 
Section A5.2.2 of MASH 2016 for calculation procedure) should 
satisfy the following limits: 
 Occupant Ridedown Acceleration Limits  
Component Preferred Maximum 
Longitudinal and Lateral 15.0 g’s 20.49 g’s 
 
3.3 Soil Strength Requirements 
In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength 
must be verified before any full-scale crash testing can occur. During the installation of a soil 
dependent system, W6x16 posts are installed near the impact region utilizing the same installation 
procedures are the system itself. Prior to full-scale testing, a dynamic impact test must be 
conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post deflections 
between 5 in. (127 mm) and 20 in. (508 mm) measured at a height of 25 in. (635 mm). If dynamic 
testing near the system is not desired, MASH 2016 permits a static test to be conducted instead 
and compared against the results of a previously established baseline test. In this situation, the soil 
must provide a resistance of at least 90% of the static baseline test at deflections of 5 in. (127 mm), 
10 in. (254 mm), and 15 in. (381 mm). Further details can be found in Appendix B of MASH 2016. 
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4 TEST INSTALLATION DESIGN DETAILS 
The test installation was approximately 87 ft (26.5 m) long and consisted of four major 
components: 1) a modified version of the standardized transition buttress, 2) the new 34-in. (864-
mm) tall AGT, 3) standard MGS, and 4) a guardrail anchorage system. Design details for test nos. 
34AGT-1 and 34AGT-2 are shown in Figures 7 through 30. The impact points for both tests are 
shown in Figures 7 and 8, respectively. Photographs of the test installations are shown in Figures 
31 and 32. Material specifications, mill certifications, and certificates of conformity for the system 
materials are shown in Appendix A. 
The modified version of the standardized transition buttress measured 7 ft (2.1 m) long and 
39 in. (991 mm) tall. The buttress utilized a dual chamfer design along its front edge, as detailed 
in Figure 21, which was developed to mitigate vehicle snag on the upstream end of the buttress. 
The geometry of the buttress was identical to the original standardized buttress except the height 
of the barrier and the height of the lower chamfer were increased by 3 in. (76 mm). The buttress 
was reinforced with transverse stirrups and longitudinal rebar, as shown in Figure 22, and anchored 
into the test site tarmac using an epoxy with a minimum bond strength of 1,450 psi (10.0 MPa). 
The 34-in. (864-mm) tall AGT and adjacent MGS consisted of 12.5 ft (3.8 m) of nested 
12-ga. (2.7-mm thick) thrie beam, 6.25 ft (1.9 m) of single ply 12-gauge (2.7-mm thick) thrie beam, 
a 6.25-ft (1.9 m) long 10-gauge (3.4-mm thick) symmetric W-to-thrie transition rail segment, and 
56.25 ft (17.1 m) of 12-gauge (2.7-mm thick) W-beam. All thrie beam rails were mounted at a 
height of 34 in. (864 mm) while all W-beam rails were mounted at 31 in. (787 mm). The first three 
posts adjacent to the buttress were 7-ft (2.1-m) long W6x15 posts embedded 52 in. (1,321 mm) 
into the soil and spaced at 37.5 in. (953 mm) on center. The remaining posts were 6-ft (1.8-m) long 
W6x8.5 posts embedded 40 in. (1,016 mm) into the soil and spaced at various intervals, as shown 
in Figures 7 and 8. The tops of the thrie beam rails and the associated blockouts, including the 
downstream end of the W-to-thrie transition segment, extended above the tops of the posts due to 
being raised 3 in. (76 mm) while the posts remained at their nominal embedment depths.  
Finally, a guardrail anchorage system typically utilized as a trailing end terminal was 
utilized to anchor the upstream end of the test installation. The guardrail anchorage system was 
originally designed to simulate the strength of other crashworthy end terminals. The anchorage 
system consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, 
and channel struts, which closely resembled the hardware used in the Modified BCT system.  The 
guardrail anchorage system has been MASH TL-3 crash tested as a downstream trailing end 
terminal [25-28]. 
As requested by NDOT, test nos. 34AGT-1 and 34AGT-2 featured two different 
configurations of the splice between the nested thrie beam and the thrie beam terminal connector. 
In test no. 34AGT-1, the terminal connector was placed behind both plies of the nested thrie beam, 
as shown in Figure 31, while in test no. 34AGT-2 the terminal connector was sandwiched between 
the two plies of the nested thrie beam, as shown in Figure 32. NDOT typically installs terminal 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 30. Bill of Materials Continued, Test Nos. 34AGT-1 and 34AGT-2 
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Figure 31. Test Installation Photographs, Test No. 34AGT-1 
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Figure 32. Test Installation Photographs, Test No. 34AGT-2 
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5 TEST CONDITIONS 
5.1 Test Facility 
 The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 
Lincoln Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 
Nebraska-Lincoln. 
5.2 Vehicle Tow and Guidance System 
A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test 
vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test 
vehicle. The test vehicle was released from the tow cable before impact with the barrier system. A 
digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 
A vehicle guidance system developed by Hinch [29] was used to steer the test vehicle. A 
guide flag, attached to the right-front wheel and the guide cable, was sheared off before impact 
with the barrier system. The ⅜-in. (9.5-mm) diameter guide cable was tensioned to approximately 
3,500 lb (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 m) by hinged 
stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the 
vehicle was towed down the line, the guide flag struck and knocked each stanchion to the ground. 
5.3 Test Vehicles 
For test no. 34AGT-1, a 2010 Dodge Ram 1500 crew cab pickup truck was used as the test 
vehicle. The curb, test inertial, and gross static vehicle weights were 5,085 lb (2,307 kg), 5,024 lb 
(2,279 kg), and 5,189 lb (2,354 kg), respectively. The test vehicle is shown in Figure 33, and 
vehicle dimensions are shown in Figure 34. Note, pre-test photographs of the vehicle’s interior 
floorboards and undercarriage for test no. 34AGT-1were not available. 
For test no. 34AGT-2, a 2011 Kia Rio subcompact sedan was used as the test vehicle. The 
curb, test inertial, and gross static vehicle weights were 2,331 lb (1,057 kg), 2,420 lb (1,098 kg), 
and 2,580 lb (1,170 kg), respectively. The test vehicle is shown in Figure 35, and vehicle 
dimensions are shown in Figure 36. Note, pre-test photographs of the vehicle’s interior floorboards 
and undercarriage for test no. 34AGT-2 were not available. 
The longitudinal component of the center of gravity (c.g.) for both vehicles was determined 
using the measured axle weights. The Suspension Method [30] was used to determine the vertical 
component of the c.g. for the pickup truck. This method is based on the principle that the c.g. of 
any freely suspended body is in the vertical plane through the point of suspension. The vehicle 
was suspended successively in three positions, and the respective planes containing the c.g. were 
established. The intersection of these planes pinpointed the final c.g. location for the test inertial 
condition. The vertical component of the c.g. for the 1100C vehicle was determined utilizing a 
procedure published by SAE [31]. The location of the final c.g. for test no. 34AGT-1 is shown in 
Figures 34 and 37. The location of the final c.g. for test no. 34AGT-2 is shown in Figures 36 and 
38. Data used to calculate the location of the c.g. and ballast information are in Appendix B. 
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Figure 33. Test Vehicle, Test No. 34AGT-1 
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Figure 34. Vehicle Dimensions, Test No. 34AGT-1 
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Figure 35. Test Vehicle, Test No. 34AGT-2 
March 27, 2019 
MwRSF Report No. TRP-03-367-19 
43 
 
Figure 36. Vehicle Dimensions, Test No. 34AGT-2 
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Figure 37. Target Geometry, Test No. 34AGT-1 
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Figure 38. Target Geometry, Test No. 34AGT-2
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Square, black- and white-checkered targets were placed on the vehicle for reference to be 
viewed from the high-speed digital video cameras and aid in the video analysis, as shown in 
Figures 37 and 38. Round, checkered targets were placed at the c.g. on the left-side door, the right-
side door, and the roof of the vehicle. 
The front wheels of the test vehicles were aligned to vehicle standards except the toe-in 
value was adjusted to zero such that the vehicles would track properly along the guide cable. A 5B 
flash bulb was mounted on the vehicles’ left-side windshield wiper and was fired by a pressure 
tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial 
impact with the test article to create a visual indicator of the precise time of impact on the high-
speed digital videos. A remote-controlled brake system was installed in the test vehicles so the 
vehicles could be brought safely to a stop after the test. 
5.4 Simulated Occupant 
For test nos. 34AGT-1 and 34AGT-2, a Hybrid II 50th-Percentile, Adult Male Dummy, 
equipped with clothing and footwear, was placed in the left-front seat of the test vehicles with the 
seat belt fastened. The dummy, which had a weight of 165 lb (75 kg) and 160 lb (72 kg) for test 
nos. 34AGT-1 and 34AGT-2, respectively, was manufactured by Android Systems of Carson, 
California. As recommended by MASH 2016, the dummy was not included in calculating the c.g. 
location. 
5.5 Data Acquisition Systems 
5.5.1 Accelerometers 
Two environmental shock and vibration sensor/recorder systems were used to measure the 
accelerations in the longitudinal, lateral, and vertical directions. Both accelerometers systems were 
mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in dynamic 
testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming 
to the SAE J211/1 specifications [32]. 
The two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition systems 
manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The 
SLICE-2 unit was designated as the primary system for both tests as it was mounted closer to the 
vehicle c.g. The acceleration sensors were mounted inside the bodies of custom-built, SLICE 6DX 
event data recorders and recorded data at 10,000 Hz to the onboard microprocessor. Each SLICE 
6DX was configured with 7 GB of non-volatile flash memory, a range of ±500 g’s, a sample rate 
of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. The “SLICEWare” computer 
software program and a customized Microsoft Excel worksheet were used to analyze and plot the 
accelerometer data.  
5.5.2 Rate Transducers 
Two identical angular rate sensor systems mounted inside the bodies of the SLICE-1 and 
SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicle. Each 
SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions (roll, 
pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw data 
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measurements were then downloaded, converted to the proper Euler angles for analysis, and 
plotted. The “SLICEWare” computer software program and a customized Microsoft Excel 
worksheet were used to analyze and plot the angular rate sensor data.  
5.5.3 Retroreflective Optic Speed Trap 
The retroreflective optic speed trap was used to determine the speed of the test vehicle 
before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals, 
were applied to the side of the vehicle. When the emitted beam of light was reflected by the targets 
and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, recording 
at 10,000 Hz, as well as the external LED box activating the LED flashes. The speed was then 
calculated using the spacing between the retroreflective targets and the time between the signals. 
LED lights and high-speed digital video analysis are only used as a backup in the event that vehicle 
speeds cannot be determined from the electronic data. 
5.5.4 Digital Photography 
Five AOS high-speed digital video cameras, eight GoPro digital video cameras, and four 
JVC digital video cameras were utilized to film test no. 34AGT-1. Five AOS high-speed digital 
video cameras and twelve GoPro digital video cameras were utilized to film test no. 34AGT-2. 
Camera details, camera operating speeds, lens information, and a schematic of the camera 
locations relative to the system are shown in Figures 39 and 40. 
The high-speed videos were analyzed using TEMA Motion and Redlake MotionScope 
software programs. Actual camera speed and camera divergence factors were considered in the 
analysis of the high-speed videos. A Nikon digital still camera was also used to document pre- and 









































Lens Lens Setting 
AOS-2 AOS Vitcam CTM 500 Fujinon 35 mm Fixed - 
AOS-5 AOS X-PRI Gigabit 500 Vivitar 135 mm Fixed - 
AOS-6 AOS X-PRI Gigabit 500 Fujinon 50 mm Fixed - 
AOS-8 AOS S-VIT 1531 500 Sigma 28-70 DG 70 
AOS-9 AOS TRI-VIT 2236 500 Kowa 12 mm Fixed - 
GP-3 GoPro Hero 3+ 120   
GP-4 GoPro Hero 3+ 120   
GP-5 GoPro Hero 3+ 120   
GP-6 GoPro Hero 3+ 120   
GP-7 GoPro Hero 4 120   
GP-8 GoPro Hero 4 120   
GP-9 GoPro Hero 4 240   
GP-10 GoPro Hero 4 240   
JVC-1 JVC – GZ-MC500 (Everio) 29.97   
JVC-2 JVC – GZ-MG27u (Everio) 29.97   
JVC-3 JVC – GZ-MG27u (Everio) 29.97   
JVC-4 JVC – GZ-MG27u (Everio) 29.97   








































Lens Lens Setting 
AOS-2 AOS Vitcam CTM 500 Fujinon 35 mm Fixed - 
AOS-5 AOS X-PRI Gigabit 500 Vivitar 135 mm Fixed - 
AOS-6 AOS X-PRI Gigabit 500 Fujinon 50 mm Fixed - 
AOS-8 AOS S-VIT 1531 500 Sigma 28-70 70 
AOS-9 AOS TRI-VIT 2236 500 Kowa 12 mm Fixed - 
GP-3 GoPro Hero 3+ with Cosmicar 12.5 mm 120   
GP-4 GoPro Hero 3+ with Computar 12.5 mm 120   
GP-5 GoPro Hero 3+ 120   
GP-6 GoPro Hero 3+ 120   
GP-7 GoPro Hero 4 240   
GP-8 GoPro Hero 4 240   
GP-9 GoPro Hero 4 120   
GP-10 GoPro Hero 4 240   
GP-15 GoPro Hero 4 240   
GP-16 GoPro Hero 4 240   
GP-17 GoPro Hero 4 120   
GP-18 GoPro Hero 4 120   
Figure 40. Camera Locations, Speeds, and Lens Settings, Test No. 34AGT-2 
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6 FULL-SCALE CRASH TEST NO. 34AGT-1  
6.1 Static Soil Test 
Before full-scale crash test no. 34AGT-1 was conducted, the strength of the foundation soil 
was evaluated with a static test, as described in MASH 2016. The static test results, as shown in 
Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 
adequate strength, and full-scale crash testing could be conducted on the barrier system. 
6.2 Weather Conditions 
Test no. 34AGT-1 was conducted on March 17, 2017 at approximately 1:15 p.m. The 
weather conditions as per the National Oceanic and Atmospheric Administration (station 
14939/LNK) were reported and are shown in Table 3. 
Table 3. Weather Conditions, Test No. 34AGT-1 
Temperature 67°F 
Humidity 32% 
Wind Speed 10 mph 
Wind Direction 350° from True North 
Sky Conditions Sunny 
Visibility 10 Statute Miles 
Pavement Surface Dry 
Previous 3-Day Precipitation  0.05 in. 
Previous 7-Day Precipitation  0.05 in. 
 
6.3 Test Description 
The main concern with vehicles impacting the 34-in. (864-mm) tall AGT was related to 
vehicle snag on the rigid parapet. Accordingly, the critical impact point for test no. 34AGT-1 was 
selected using the tables provided in section 2.3.2.1 of MASH 2016 to maximize the potential for 
snag on the upstream face of the concrete buttress. The critical impact point was determined to be 
89 in. (2,261 mm) upstream from the concrete buttress, as shown in Figure 41. 
During test no. 34AGT-1, the 5,024-lb (2,279-kg) pickup truck impacted the AGT 90½ in. 
(2,299 mm) upstream from the concrete buttress at a speed of 62.2 mph (100.1 km/h) and an angle 
of 24.8 degrees. The vehicle was contained and smoothly redirected with an exit speed and angle 
of 42.1 mph (67.8 km/h) and -10.8 degrees, respectively. The vehicle remained stable throughout 
the impact event with maximum roll and pitch angular displacements of only 12 degrees and 4 
degrees, respectively. After exiting the system, the vehicle impacted a row of temporary concrete 
barriers 162 ft (49.4 m) downstream from impact and quickly came to a stop.  
A detailed description of the sequential impact events is contained in Table 4. Sequential 
photographs are shown in Figures 42 and 43.  Documentary photographs of the crash test are 
shown in Figure 44. Vehicle trajectory and final position photographs are shown in Figure 45. 
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Figure 41. Impact Location, Test No. 34AGT-1 
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0.000 Vehicle’s left-front bumper impacted the rail between posts nos. 17 and 18. 
0.002 Vehicle’s front bumper began to deform. 
0.010 Vehicle’s left fender began to deform. 
0.016 Vehicle’s hood began to deform, and vehicle grill impacted the rail.  
0.018 Vehicle’s grill began to deform. 
0.020 Post no. 18 began to deflect backward. 
0.024 Post nos. 17 and 19 began to deflect backward. 
0.026 Vehicle began to yaw away from the system. 
0.028 Post no. 16 began to deflect backward. 
0.034 Post no. 15 began to deflect backward. 
0.048 
Vehicle’s left-front door impacted the rail, vehicle began to roll toward the 
barrier, and vehicle’s airbags were deployed. 
0.052 Vehicle’s left-front door began to deform. 
0.074 
Vehicle’s left fender impacted concrete buttress above the rail, and vehicle began 
to pitch downward. 
0.088 Vehicle’s left-front tire contacted post no. 19. 
0.106 Vehicle’s left-front tire contacted the lower chamfer of the concrete buttress 
0.128 
Vehicle’s left-front window shattered, and vehicle’s left-front door contacted the 
top of the concrete buttress. 
0.138 Vehicle’s right-rear tire became airborne. 
0.168 Vehicle’s grill disengaged. 
0.188 Vehicle became parallel with the system with a velocity of 47.6 mph (76.6 km/h). 
0.194 Vehicle’s rear bumper impacted the rail. 
0.196 Vehicle’s left-front tire became detached. 
0.198 Vehicle’s left-rear quarter panel impacted rail. 
0.204 Vehicle’s left-rear door contacted top of concrete buttress and began to deform.  
0.220 Vehicle’s left quarter panel impacted concrete buttress and began to deform. 
0.316 
Vehicle exited the system at a speed of 42.1 mph (67.8 km/h) and an angle of      
-10.8 degrees. 
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Figure 42. Additional Sequential Photographs, Test No. 34AGT-1 
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Figure 43. Additional Sequential Photographs, Test No. 34AGT-1 
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Figure 44. Documentary Photographs, Test No. 34AGT-1 
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Figure 45. Vehicle Final Position and Trajectory Marks, Test No. 34AGT-1 
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6.4 Barrier Damage 
Damage to the barrier was moderate, as shown in Figures 46 through 49. Barrier damage 
consisted of rail and post deformation, contact marks on the top and front face of the concrete 
buttress, concrete gouging, and concrete cracking. The length of vehicle contact along the barrier 
was approximately 12 ft – 2½ in. (3.7 m) which spanned from 10 in. (254 mm) downstream from 
post no. 17 to 28 in. (711 mm) from the downstream end of the concrete buttress. 
A kink occurred in the top thrie beam corrugation 7¼ in. (184 mm) upstream from post no. 
15, with numerous other kinks, dents, and buckles occurring throughout the impact region. Post 
nos. 15 through 19 deflected backward, while post nos. 14 through 19 twisted to face downstream. 
Post no. 19 also rotated downstream and had contact marks on its front flange below the thrie 
beam. 
Tire marks were visible on the front face of the concrete buttress and on the lower chamfer 
of the buttress. Concrete gouging was observed along the entire length of the lower chamfer of the 
buttress and extended an additional 3 in. (76 mm) onto the front face of the buttress. The gouging 
was 3 in. (76 mm) from the bottom, and gradually sloped down to the bottom edge over its 
duration. Contact marks were found on the top and front face of the buttress beginning at the 
upstream end and extended to 28 in. (711 mm) from the downstream end. A hairline crack was 
found on the front face of the concrete buttress, extending upward and downstream at 
approximately a 45-degree angle from the top bolt hole of the thrie beam terminal connector to the 
top surface of the buttress. 
The maximum lateral permanent set deflections of the rail and posts for the transition 
barrier system was 5¾ in. (146 mm) at the mid-span between post nos. 18 and 19, and 4¾ in. (121 
mm) at post no. 18, respectively, as measured in the field. The maximum lateral dynamic barrier 
deflection of the rail and posts for the transition barrier system was 7.8 in. (198 mm) at post no. 
18 and 7.4 in. (188 mm) at post no. 18, respectively, as determined from high-speed digital video 
analysis. The working width of the system was established by the deflection of post no. 18 and 
was found to be 24.7 in. (627 mm), also determined from high-speed digital video analysis. A 


































































































































































Figure 49. Buttress Damage, Test No. 34AGT-1 
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Figure 50. Permanent Set, Dynamic Deflection, and Working Width, Test No. 34AGT-1 
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6.5 Vehicle Damage 
The damage to the vehicle was moderate, as shown in Figures 51 through 53. The majority 
of damage was concentrated on the left-front corner and left side of the vehicle where the impact 
occurred. The left side of the front bumper was crushed inward and back. The left-front fender was 
pushed upward near the door panel and was dented and torn behind the left-front wheel. Both 
headlights and the grille were disengaged from the vehicle. The left side of the radiator was pushed 
backward. Denting and scraping was observed on the entire left side of the pickup truck. The 
bottom of the left-front door was crushed inward, and the top of the door was ajar. The left-rear 
door was dented. The left taillight was out of socket, but remained attached. The left side of the 
rear bumper was dented, scuffed, and partially disengaged. 
The left-front wheel was disengaged from the vehicle, and the steel rim was deformed with tears 
and significant crushing. The left-front tire was torn and deflated. The left upper control arm was 
fractured. The left-front steering knuckle and ball joints were disengaged, and the upper control 
arm was bent toward the engine. The left-rear wheel assembly was deformed inward, the steel rim 
was dented, and scuff marks were found on the tire.  
The right side of the front bumper was deformed inward and downward. The hood had a 
2-in. (51-mm) gap on the right side. The right-front fender was dented in at the top and back, and 
the right-front tire was deformed inward. The right side of the windshield was deformed and had 
spiderweb cracking from the airbag deployment. The left-front window was shattered. The roof 
had a minor dent, and the remaining window glass remained undamaged. Note, a portion of the 
vehicle damage, especially to the front and right side of the truck, was due to the secondary impact 
with the portable concrete barriers downstream of the system that was set up to contain the vehicle 
after exiting the system. 
The maximum occupant compartment intrusions are listed in Table 5 along with the intrusion 
limits established in MASH 2016 for various areas of the occupant compartment. MASH 2016 
defines intrusion or deformation as the occupant compartment being deformed and reduced in size. 
Significant crushing was observed to the left-side front panel and the toe pan where the tire, which 
had impacted the buttress, was pushed backward and toward the occupant compartment. However, 
none of the MASH 2016 deformation limits were violated. Complete occupant compartment and 



















































































Figure 52. Windshield Damage and Occupant Compartment Deformation, Test No. 34AGT-1 
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Figure 53. Undercarriage Damage, Test No. 34AGT-1 
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Wheel Well & Toe Pan 3.0 (76) ≤ 9  (229) 
Floor Pan & Transmission Tunnel 2.3 (58) ≤ 12  (305) 
A-Pillar 0.9 (23) ≤ 5  (127) 
A-Pillar (Lateral) 0.8 (20) ≤ 3  (76) 
B-Pillar 1.1 (28) ≤ 5  (127) 
B-Pillar (Lateral) 1.0 (25) ≤ 3  (76) 
Side Front Panel (in Front of A-Pillar) 6.6 (168) ≤ 12  (305) 
Side Door (Above Seat) 4.1 (104) ≤ 9  (229) 
Side Door (Below Seat) 4.1 (104) ≤ 12  (305) 
Roof 1.0 (25) ≤ 4  (102) 
Windshield 0 (0) ≤ 3  (76) 
Side Window 
Shattered from contact with 
dummy head 
No shattering resulting from 
contact with structural 
member of test article 
Dash 3.0 (76) N/A 
N/A – Not Applicable 
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6.6 Occupant Risk 
The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 
occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown 
in Table 6. Note that the OIVs and ORAs obtained from both accelerometer units were within 
suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI values are also 
shown in Table 6. The recorded data from each accelerometer and rate transducer are shown 
graphically in Appendix E. 

























Longitudinal -10.05 -10.77 ±20.49 





Roll -15.1 -12.0 ±75 
Pitch -3.3 -4.4 ±75 
Yaw 39.6 38.9 not required 
THIV 








10.71 11.15 not required 
ASI 1.49 1.59 not required 
 
6.7 Discussion 
The analysis of the test results for test no. 34AGT-1 showed that the system adequately 
contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier. A 
summary of the test results and sequential photographs are shown in Figure 54. Detached elements, 
fragments, or other debris from the test article did not penetrate or show potential for penetrating 
the occupant compartment, or present an undue hazard to other traffic, pedestrians, or work-zone 
personnel. Deformations of, or intrusions into, the occupant compartment that could have caused 
serious injury did not occur. The test vehicle did not penetrate nor overrride the barrier and 
remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, 
as shown in Appendix E, were deemed acceptable because they did not adversely influence 
occupant risk nor cause rollover. After impact, the vehicle exited the barrier at an angle of -10.8 
degrees, and its trajectory did not violate the bounds of the exit box. Therefore, test no. 34AGT-1 
was determined to be acceptable according to the MASH 2016 safety performance criteria for test 




































         






 Test Agency .........................................................................................................MwRSF 
 Test Number ....................................................................................................... 34AGT-1 
 Date ....................................................................................................................... 3/17/17 
 MASH 2016 Test Designation No. ............................................................................. 3-21 
 Test Article.......................................................... 34-in. (864-mm) Tall Thrie Beam AGT 
 Total Length  ............................................................................... 87 ft – 11¼ in. (26.8 m) 
 Key Component – Thrie beam Guardrail 
Thickness ........................................................................................... 12 ga. (2.7 mm) 
Mounting Height .............................................................................. 34 in. (864 mm) 
 Key Component –W6x15 Steel Post 
Length ........................................................................................... 84 in. (2,134 mm) 
Embedment Depth ......................................................................... 52 in. (1,321 mm) 
Spacing .......................................................................................... 37½ in. (953 mm) 
 Key Component –  Concrete Transition Buttress 
Length ........................................................................................... 84 in. (2,134 mm) 
Width ................................................................................................ 12 in. (305 mm) 
Height ............................................................................................... 39 in. (991 mm) 
 Soil Type  .............................................................................. Coarse Crushed Limestone 
 Vehicle Make /Model ............................................................................ Dodge Ram 1500 
Curb .............................................................................................. 5,085 lb (2,307 kg) 
Test Inertial................................................................................... 5,024 lb (2,279 kg) 
Gross Static................................................................................... 5,189 lb (2,354 kg) 
 Impact Conditions 
Speed ......................................................................................62.2 mph (100.1 km/h) 
Angle ........................................................................................................... 24.8 deg. 
Impact Location ..................................... 90½ in. (2,299 mm) upstream from buttress 
 Impact Severity (IS) ............. 114 kip-ft (155 kJ) > 106 kip-ft (144 kJ) MASH 2016 limit 
 Exit Conditions 
Speed ........................................................................................42.1 mph (67.8 km/h) 
Angle  ......................................................................................................... -10.8 deg. 
 Exit Box Criterion ...................................................................................................... Pass 
 Vehicle Stability ............................................................................................. Satisfactory 







 Vehicle Damage ................................................................................................. Moderate 
VDS [33]  ................................................................................................... 11-LFQ-6 
CDC [34] ................................................................................................. 11-FLEW-4 
Maximum Interior Deformation ....................................................... 6⅝ in. (168 mm) 
 Test Article Damage .......................................................................................... Moderate 
 Maximum Test Article Deflections 
Permanent Set .................................................................................. 5¾ in. (146 mm) 
Dynamic ........................................................................................... 7.8 in. (198 mm) 
Working Width............................................................................... 24.7 in. (627 mm) 









Longitudinal -21.06 (-6.42) -20.18 (-6.15) ±40 (12.2) 
Lateral 24.62 (7.50) 25.92 (7.90) ±40 (12.2) 
ORA 
g’s 
Longitudinal -10.05 -10.77 ±20.49 





Roll -15.1 -12.0 ±75 
Pitch -3.3 -4.4 ±75 
Yaw 39.6 38.9 not required 
THIV – ft/s (m/s) 30.78 (9.38) 31.50 (9.60) not required 
PHD – g’s 10.71 11.15 not required 
ASI 1.49 1.59 not required 
 
Figure 54. Summary of Test Results and Sequential Photographs, Test No. 34AGT-1
0.000 sec 0.050 sec 0.100 sec 0.150 sec 0.200 sec 
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7 FULL-SCALE CRASH TEST NO. 34AGT-2  
7.1 Static Soil Test 
Before full-scale crash test no. 34AGT-2 was conducted, the strength of the foundation soil 
was evaluated with a static test, as described in MASH 2016. The static test results, as shown in 
Appendix C, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 
adequate strength, and full-scale crash testing could be conducted on the barrier system. 
7.2 Weather Conditions 
Test no. 34AGT-2 was conducted on May 9, 2017 at approximately 1:15 p.m. The weather 
conditions as per the National Oceanic and Atmospheric Administration (station 14939/LNK) 
were reported and are shown in Table 7. 
Table 7. Weather Conditions, Test No. 34AGT-2 
Temperature 77°F 
Humidity 45% 
Wind Speed 8 mph 
Wind Direction 50° from True North 
Sky Conditions Sunny 
Visibility 10 Statute Miles 
Pavement Surface Dry 
Previous 3-Day Precipitation  0 in. 
Previous 7-Day Precipitation  0.17 in. 
 
7.3 Test Description 
The main concern with vehicles impacting the 34-in. (864-mm) tall AGT was related to 
vehicle snag on the rigid parapet. Accordingly, the critical impact point for test no. 34AGT-2 was 
selected using the tables provided in section 2.3.2.1 of MASH to maximize the potential for snag 
on the upstream face of the concrete buttress. The critical impact point was determined to be 63 
in. (1,600 mm) upstream from the concrete buttress, as shown in Figure 55. 
During test no. 34AGT-2, the 2,420-lb (1,098-kg) small car impacted the AGT 65 in. 
(1,651 mm) upstream from the concrete buttress at a speed of 62.1 mph (99.9 km/h) and an angle 
of 25.5 degrees. The vehicle was contained and smoothly redirected with an exit speed and angle 
of 40.7 mph (65.5 km/h) and -6.4 degrees, respectively. The vehicle remained stable throughout 
the impact event with maximum roll and pitch angles of 10 degrees and 6 degrees, respectively. 
After exiting the system, the left-front door opened as the small car rolled away and impacted a 
row of temporary concrete barriers 145 ft (44.2 m) downstream from impact and rapidly came to 
a stop.  
A detailed description of the sequential impact events is contained in Table 8. Sequential 
photographs are shown in Figures 56 and 57, and documentary photographs of the crash test are 
shown in Figure 58. The vehicle trajectory and final position are shown in Figure 59. 
March 27, 2019 





Figure 55. Impact Location, Test No. 34AGT-2 
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0.000 Vehicle’s impacted the AGT 2 in. (51 mm) upstream from post no. 18. 
0.010 Vehicle’s left fender contacted rail. 
0.014 Post no. 18 began to deflect backward, vehicle hood contacted rail. 
0.016 Post no. 19 began to deflect backward. 
0.022 Vehicle’s hood deformed. 
0.024 Vehicle’s left-front tire contacted rail. 
0.026 Vehicle’s grille deformed, vehicle rolled toward the barrier. 
0.030 Post no. 17 deflected backward. 
0.034 
Vehicle’s left-front door contacted rail, vehicle pitched downward and yawed 
away from the barrier. 
0.044 Vehicle’s left-front door deformed, and vehicle airbag deployed. 
0.050 Vehicle rolled away from the barrier. 
0.052 
Vehicle’s left A-pillar deformed, vehicle hood contacted buttress above the rail, 
and vehicle windshield shattered 
0.058 Vehicle’s left-front door opened. Vehicle roof deformed. 
0.066 Vehicle’s left-front tire impacted the upstream face of buttress. 
0.102 Vehicle’s left-front window shattered from contact with dummy head 
0.116 Occupant head passed through left-front window. 
0.136 Occupant head re-entered vehicle. 
0.154 Vehicle’s left-rear door contacted rail. 
0.164 
Vehicle’s rear bumper contacted rail, vehicle was parallel to the system with a 
velocity of 45.2 mph (72.7 km/h). 
0.220 
Vehicle exited system with a velocity of 40.7 mph (65.5 km/h) and an angle of     
-6.4 degrees. 
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Figure 56. Additional Sequential Photographs, Test No. 34AGT-2 
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Figure 57. Additional Sequential Photographs, Test No. 34AGT-2 
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Figure 58. Documentary Photographs, Test No. 34AGT-2 
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Figure 59. Vehicle Final Position and Trajectory Marks, Test No. 34AGT-2 
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7.4 Barrier Damage 
Damage to the barrier was minimal, as shown in Figures 60 through 62. Barrier damage 
consisted of rail and post deformation, contact marks on the upstream and traffic faces of the 
concrete buttress, and concrete gouging. The length of vehicle contact along the barrier was 
approximately 12 ft – 1 in. (3.7 m) which spanned from 2 in. (51 mm) upstream from the centerline 
of post no. 18 to 4 in. (102 mm) from the downstream end of the concrete buttress. 
Tire marks were visible on the bottom corrugation of the thrie beam starting at the 
centerline of post no. 18 and extending 8½ in. (216 mm) onto the terminal connector. General 
contact marks and minor deformations were found on the upper half of the thrie beam between 
post no. 18 and the concrete buttress.  A kink occurred in the bottom of the thrie beam, 13 in. (330 
mm) downstream from the centerline of post no. 18. Approximately 4 ft (1.2 m) of the thrie beam’s 
bottom corrugation was flattened at the downstream end. Tire marks were also found on the front 
flange of post no. 19 just above the ground line. Post nos. 18 and 19 were each deflected backward 
less than 1 in. (25 mm). 
The concrete buttress had tire marks visible on its upstream end starting 1 in. (25 mm) from 
the back surface of the buttress and extended across the upstream face, the lower chamfer, and 
onto the front face of the buttress. Tire marks continued on the front face of the buttress for a 
distance of 80 in. (2032 mm) downstream from the upstream face. Concrete gouging was found 
on the lower chamfer and front face of the buttress below the thrie beam rail. Minor contact marks 
were also present on the top, sloped face of the buttress. 
The maximum permanent set of the rail and posts for the AGT was ¾ in. (19 mm) at the 
mid-span between post nos. 18 and 19, and ⅜ in. (10 mm) at post nos. 18 and 19, respectively, as 
measured in the field. The maximum lateral dynamic barrier deflections of the rail and posts were 
2.7 in. (69 mm) at post no. 19 and 2.7 in. (69 mm) at post no. 19, respectively, as determined from 
high-speed digital video analysis. The working width of the system was found to be 19.9 in. (505 
mm), also determined from high-speed digital video analysis. A schematic of the permanent set 

























































































































Figure 62. System Damage, Concrete Buttress, Test No. 34AGT-2 
March 27, 2019 
MwRSF Report No. TRP-03-367-19 
81 
 
Figure 63. Permanent Set, Dynamic Deflection, and Working Width, Test No. 34AGT-2 
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7.5 Vehicle Damage 
The damage to the vehicle was moderate, as shown in Figures 64 through 68. The majority 
of damage was concentrated on the left-front corner and left side of the vehicle where the impact 
occurred. The left side of the bumper and the left-front fender were crushed, and the fender was 
dented and torn behind the left-front wheel. The left side of the radiator was pushed backward. 
The left-front steel rim was deformed with tears and significant crushing. The left lower control 
arm and ball joint were disengaged, and the left-front tire was torn. The left side frame horn and 
chassis mount were bent back and up. Denting and scraping was observed on the entire left side 
of the vehicle. The left-front door was ajar, and the left-rear door was dented. The left-rear steel 
rim was dented, and scuff marks were found on the tire. 
The right side of the front bumper was detached. There was a 1-in. (25-mm) gap along the B-pillar 
and the right-front door. The hood was crushed and buckled, but remained attached. The right-
front fender was dented in at the top and back. The windshield experienced significant cracking 
over its entirety and had a 20 in. (508 mm) long tear from the right-top corner down toward the 
left-bottom corner. A small hole was found near the left-bottom of the windshield, which occurred 
due to airbag deployment and contact with the hood. The left-front window was shattered. The 
roof buckled, leaving a 2¼-in. (57-mm) dent. The remaining window glass remained undamaged. 
Note, part of the vehicle damage was due to the secondary impact with the temporary concrete 
barrier system that was set up to contain the vehicle after exiting the AGT. 
The maximum occupant compartment intrusions are listed in Table 9 along with the 
deformation limits established in MASH 2016 for various areas of the occupant compartment. 
MASH 206 defines intrusion as vehicle deformations that result in a reduction in size of the 
occupant compartment. Note, damage to the lower front corner of the vehicle door frame prevented 
the left-front door from being shut after it had opened during the test. Consequently, intrusion 
deformations could not be measured along the door. The door itself was not severely damaged, so 
intrusion of the door into the occupant compartment would have been minimal and was not a safety 
concern. During test no. 34AGT-2, the left-front tire extended below the thrie beam rail, impacted 
the buttress, and was pushed toward the occupant compartment creating significant displacements 
to the toe pan and side front panel of the vehicle. Although, none of the established MASH 2016 
deformation limits were violated, these deformations shifted the reference points established 
within the vehicle that would have been utilized to measure deformations. Thus, maximum 
occupant crush intrusions had to be made by comparisons to an exemplar vehicle of the same 


















































































Figure 65. Vehicle Damage, Test No. 34AGT-2 
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Figure 66. Windshield Damage, Test No. 34AGT-2 
March 27, 2019 





Figure 67. Occupant Compartment Deformation, Test No. 34AGT-2 
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Figure 68. Undercarriage Damage, Test No. 34AGT-2 
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Wheel Well & Toe Pan 4 (102) ≤ 9  (229) 
Floor Pan & Transmission Tunnel 2¾ (70) ≤ 12  (305) 
A-Pillar ½ (13) ≤ 5  (127) 
A-Pillar (Lateral) ¾ (19) ≤ 3  (76) 
B-Pillar 0 (0) ≤ 5  (127) 
B-Pillar (Lateral) 0 (0) ≤ 3  (76) 
Side Front Panel (in Front of A-Pillar) 7 (178) ≤ 12  (305) 
Side Door (Above Seat) N/A ≤ 9  (229) 
Side Door (Below Seat) N/A ≤ 12  (305) 
Roof 2¼ (57) ≤ 4  (102) 
Windshield 2¼ (57) ≤ 3  (76) 
Side Window 
Shattered due to contact 
with dummy head 
No shattering resulting 
from contact with 
structural member of 
test article 
N/A – Not Applicable 
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7.6 Occupant Risk 
The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 
occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown 
in Table 10. Note that the OIVs and ORAs were within suggested limits for the primary transducer, 
as provided in MASH 2016. The backup transducer unit recorded longitudinal accelerations in 
excess of the ORA limits. However, the backup unit was not mounted at the vehicle c.g., which 
introduced significant error to the readings. Additionally, the time of assumed occupant impact, 
referred to in MASH 2016 as t*, occurs on the tail end of a longitudinal force spike. Thus, the 
variations in the accelerations observed by the two accelerometers, which resulted in slightly 
different t* times, resulted in greatly different longitudinal ORA values. Previous discussions 
among ISO 17025 accredited crash labs and the FHWA during Task Force 13 Subcommittee 7 
meetings concluded with an agreement that accelerations at the c.g. (primary unit) should be 
trusted over accelerometers mounted elsewhere. Note, MASH 2016 procedures for the calculation 
of OIV and ORA are to be taken within 2 in. (51 mm) of the vehicle c.g. As such, the values 
calculated from the primary unit placed at the vehicle c.g., the SLICE-2, were considered to be 
more precise and in compliance with MASH 2016 evaluation standards. The calculated THIV, 
PHD, and ASI values are also shown in Table 10. The results of the occupant risk analysis, as 
determined from the accelerometer data, are summarized in Table 10. The recorded data from the 
accelerometers and the rate transducers are shown graphically in Appendix E.  

























Longitudinal -25.55 -10.84 ±20.49 





Roll -15.3 -10.0 ±75 
Pitch -6.0 -5.5 ±75 










13.44 15.07 not required 
ASI 2.43 2.30 not required 
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7.7 Discussion 
The analysis of the test results for test no. 34AGT-2 showed that the system adequately 
contained and redirected the 1100C vehicle with controlled lateral displacements of the barrier. A 
summary of the test results and sequential photographs are shown in Figure 69. Detached elements, 
fragments, or other debris from the test article did not penetrate or show potential for penetrating 
the occupant compartment, or present an undue hazard to other traffic, pedestrians, or work-zone 
personnel. Deformations of, or intrusions into, the occupant compartment that could have caused 
serious injury did not occur. The test vehicle did not penetrate nor ride over the barrier and 
remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, 
as shown in Appendix E, were deemed acceptable as they did not adversely influence occupant 
risk nor cause rollover. After impact, the vehicle exited the barrier at an angle of -6.4 degrees, and 
its trajectory did not violate the bounds of the exit box.  
The windshield of the small car was cracked and torn during the impact event. However, 
the windshield damage was initiated by the impact of the airbags deploying during the impact 
event. Damage to the windshield was intensified by deformations of the vehicle’s A-frame and 
contact from the vehicle’s hood. The test article never contacted the windshield directly, and there 
was no potential for the test article to penetrate into the vehicle. As such, the windshield damage 
was not considered to be a result of the system performance, and there was no perceived risk to 
the occupant. 
The left-front door opened during the test as a result of contact with the barrier. The test 
article did not spear into the door nor extend through the opening and into the occupant 
compartment. Also, the door was not pushed inward thereby risking contact with the occupant. 
MASH 2016 does not contain language addressing door opening as a violation of the occupant 
compartment integrity. In May 2018, AASHTO issued a MASH clarifications document [35] 
stating that “a door opening during a crash test is not considered cause for test failure in and of 
itself; however, penetration of the test article and/or intrusion limits must be verified.” Since there 
was no observed penetration or intrusion into the occupant compartment through the open door, 
the occupant compartment integrity criteria was not violated. Therefore, test no. 34AGT-2 was 
determined to be acceptable according to the MASH 2016 safety performance criteria for test 




































         






 Test Agency .........................................................................................................MwRSF 
 Test Number ....................................................................................................... 34AGT-2 
 Date ......................................................................................................................... 5/9/17 
 MASH 2016 Test Designation No. ............................................................................. 3-20 
 Test Article.......................................................... 34-in. (864-mm) Tall Thrie Beam AGT 
 Total Length  ............................................................................... 87 ft – 11¼ in. (26.8 m) 
 Key Component – Thrie beam Guardrail 
Thickness ........................................................................................... 12 ga. (2.7 mm) 
Mounting Height .............................................................................. 34 in. (864 mm) 
 Key Component – ASTM A992 W6x15 Steel Post 
Length ........................................................................................... 84 in. (2,134 mm) 
Embedment Depth ......................................................................... 52 in. (1,321 mm) 
Spacing .......................................................................................... 37½ in. (953 mm) 
 Key Component – 4,000 psi Concrete Buttress 
Length ............................................................................................ 84 in. (2134 mm) 
Width ................................................................................................ 12 in. (305 mm) 
Height ............................................................................................... 39 in. (991 mm) 
 Soil Type  .............................................................................. Coarse Crushed Limestone 
 Vehicle Make /Model ............................................................................................Kia Rio 
Curb .............................................................................................. 2,331 lb (1,057 kg) 
Test Inertial................................................................................... 2,420 lb (1,098 kg) 
Gross Static................................................................................... 2,580 lb (1,170 kg) 
 Impact Conditions 
Speed ........................................................................................62.1 mph (99.9 km/h) 
Angle ............................................................................................................ 25.5 deg 
Impact Location .......................................... 2 in. (51 mm) upstream from post no. 18 
 Impact Severity (IS) ... 57.7 kip-ft (78.3 kJ) > 51 kip-ft (69.7 kJ) limit from MASH 2016 
 Exit Conditions 
Speed ........................................................................................40.7 mph (65.5 km/h) 
Angle  ............................................................................................................ -6.4 deg 
 Exit Box Criterion ...................................................................................................... Pass 
 Vehicle Stability ............................................................................................. Satisfactory 








 Vehicle Damage ................................................................................................. Moderate 
VDS [33]  ................................................................................................... 11-LFQ-6 
CDC [34] ................................................................................................. 11-FLEW-4 
Maximum Interior Deformation .......................................................... 7 in. (178 mm) 
 Test Article Damage ............................................................................................ Minimal 
 Maximum Test Article Deflections 
Permanent Set ...................................................................................... ¾ in. (19 mm) 
Dynamic ............................................................................................. 2.7 in. (69 mm) 
Working Width............................................................................... 19.9 in. (505 mm) 









Longitudinal -20.54 (-6.26) -22.65 (-6.90) 
±40 
(12.2) 





Longitudinal -25.55 -10.84 ±20.49 





Roll -15.3 -10.0 ±75 
Pitch -6.0 -5.5 ±75 
Yaw 96.4 94.9 not required 
THIV – ft/s (m/s) 38.39 (11.70) 36.65 (11.17) not required 
PHD – g’s 13.44 15.07 not required 
ASI 2.43 2.30 not required 
 
Figure 69. Summary of Test Results and Sequential Photographs, Test No. 34AGT-2 
0.000 sec 0.050 sec 0.100 sec 0.150 sec 0.200 sec 
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The objective of this project was to modify the thrie beam AGT used by the NDOT by 
increasing the rail top-mounting height to 34 in. (864 mm) to account for future roadway overlays 
of up to 3 in. (76 mm). To accomplish this objective, the thrie beam rail segments were shifted 
upward 3 in. (76 mm) from their nominal 31-in. (787-mm) height, and a symmetric W-to-thrie 
transition segment was utilized to connect the 34-in. (864-mm) tall thrie beam to the adjacent 31-
in. (787-mm) tall MGS. All posts maintained their original length and embedment depths from the 
existing/nominal NDOT transition detail. Thus, the rails and blockouts were simply shifted upward 
and attached 3 in. (76 mm) higher on the posts. The downstream end of the AGT was attached to 
a modified version of the standardized transition buttress to mitigate vehicle snag. The height of 
the standardized transition buttress was increased to match the 34-in. (864-mm) tall AGT by 
extending the height of the lower chamfer and the overall buttress height by 3 in. (76 mm). All 
other buttress dimensions remained the same. 
Two full-scale crash tests were conducted on the 34-in. (864-mm) tall AGT according to 
the TL-3 safety performance criteria found in MASH 2016. A summary of the safety performance 
evaluation for both tests is provided in Table 11. The first full-scale crash test, test no. 34AGT-1, 
was performed according to test designation no. 3-21 of MASH 2016 with a 2270P pickup truck 
impacting the system 90½ in. (2,299 mm) upstream from the concrete buttress. The vehicle was 
safely contained and redirected with minor damage to the transition components. During the 
impact event, the left-front tire contacted the buttress and was pushed backward causing significant 
deformations to the left-side front panel and the toe pan. However, none of the MASH 2016 
occupant compartment deformation limits were violated. All ORA and OIV values were within 
MASH 2016 safety limits. Therefore, test no. 34AGT-1 was determined to be acceptable according 
to test designation no. 3-21 of MASH 2016. 
The second full-scale crash test, test no. 34AGT-2, was performed according to test 
designation no. 3-20 of MASH 2016 with an 1100C small car impacting the transition 65 in. (1,651 
mm) upstream from the buttress. The vehicle was safely contained and redirected with minimal 
damage to the barrier transition system. During the test, the front tire extended under the thrie 
beam rail and impacted the upstream face of the buttress. Subsequently, the tire was pushed 
backward and caused significant deformations to the toe pan and left side front panel. A maximum 
crush value of 7 in. (178 mm) was recorded on the left-side front panel, but all deformations were 
within the MASH 2016 limits for occupant compartment deformations. ORA and OIV values from 
the primary unit were within the MASH 2016 safety limits. Therefore, test no. 34AGT-2 was 
determined to be acceptable according to test designation no. 3-20 of MASH 2016. 
The upstream stiffness transition of the 34-in. (864-mm) AGT was designed to replicate 
the MASH-tested MGS stiffness transition, but a symmetric W-to-thrie rail transition segment was 
utilized instead of the asymmetric segment to increase the rail height from 31 in. (787 mm) to 34 
in. (864 mm). This change was not a cause for concern as the bottom of the symmetric transition 
segment has a shallower vertical slope, which would reduce the severity of vehicle snag and 















































A. Test article should contain and redirect the vehicle or bring the vehicle to a 
controlled stop; the vehicle should not penetrate, underride, or override the 




D. 1. Detached elements, fragments or other debris from the test article should not 
penetrate or show potential for penetrating the occupant compartment, or present an 
undue hazard to other traffic, pedestrians, or personnel in a work zone.  
2. Deformations of, or intrusions into, the occupant compartment should not exceed 









F. The vehicle should remain upright during and after collision. The maximum roll and 
pitch angles are not to exceed 75 degrees. 
S S 
H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of MASH 2016 
for calculation procedure) should satisfy the following limits: 
S S  Occupant Impact Velocity Limits 
Component Preferred Maximum 
Longitudinal and Lateral 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s) 
I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.2.2 of 
MASH 2016 for calculation procedure) should satisfy the following limits: 
S S  Occupant Ridedown Acceleration Limits  
Component Preferred Maximum 
Longitudinal and Lateral 15.0 g’s 20.49 g’s 
MASH 2016 Test Designation No. 3-21 3-20 
Final Evaluation (Pass or Fail) Pass Pass 
 S – Satisfactory  U – Unsatisfactory  NA - Not Applicable 
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After a roadway overlay, the symmetric W-to-thrie rail transition segment is to be replaced 
with an asymmetric transition segment, and the W-beam rail and corresponding blockouts are to 
be raised 3 in. (76 mm) on the supporting posts. These changes in combination with a 3-in. (76-
mm) overlay will effectively result in the system being returned to its original MASH-tested 
configuration with a rail height of 31 in. (787 mm) throughout the entire guardrail transition and 
the buttress returning to its nominal configuration relative to the roadway surface. Therefore, 
testing of the AGT after a 3-in. (76-mm) roadway overlay was deemed non-critical, and the 34-in. 
(864-mm) tall AGT developed herein was considered MASH 2016 TL-3 crashworthy for 
roadways with overlays between 0-3 in. (0-76 mm) thick.  
The 34-in. (864-mm) tall AGT resulted in stable redirections with minimal vehicle roll and 
pitch motions compared to historical guardrail transition tests. The increased height of the 
guardrail is likely the main cause for this decrease in vehicle angular displacements as it prevents 
larger vehicles (e.g., pickup trucks) from rolling into the barrier. These observations support 
previous research indicating that lower height transitions can cause vehicle instability and rollovers 
[14]. 
A modified version of the standardized buttress was incorporated into the design of the 34-
in. (864-mm) AGT detailed herein. This buttress was previously designed to minimize vehicle 
snag within guardrail transitions and is considered vital to the safety performance of the 34-in. 
(864-mm) tall AGT. Therefore, it is recommended to utilize the buttress design detailed herein 
with the 34-in. (864-mm) tall AGT. 
Conversely, the unique shape of the standardized buttress does allow other thrie beam 
transitions to be installed at the increased mounting height of 34 in. (864 mm). The standardized 
buttress was developed to be compatible with all NCHRP Report 350 and MASH crashworthy, 
31-in. (787-mm) tall, thrie beam AGTs. Thus, any other crashworthy, 31-in. (787-mm) tall AGT 
with a similar lateral stiffness (or stiffer) should also be considered as crashworthy when used at 
an increased mounting height of 34 in. (864 mm). Note, both the modified buttress design and the 
upstream stiffness transition detailed herein (before and after an overlay) must be utilized to ensure 
the safety performance of the system. Details on connecting the MGS stiffness transition to various 
thrie beam AGTs were provided in a previous research report [18]. 
Through previous crash testing, curbs located beneath AGTs have been shown to aide in 
the mitigation of vehicle snag on the rigid parapet. The 34-in. (864-mm) tall AGT was successfully 
crash tested in a critical configuration without a curb, and the standardized transition buttress was 
originally designed to be crashworthy with or without a curb. As such, the addition of a curb below 
the 34-in. (864-mm) tall AGT should also be considered a crashworthy configuration. However, 
if the curb extends into the region of the upstream stiffness transition, 12.5 ft (3.8 m) of nested W-
beam rail must be placed upstream from the W-to-thrie transition segment to prevent rail rupture 
[36-37], as shown in Figure 70. 
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Figure 70. Nested W-beam Upstream from W-to-Thrie Segment for Curbed Installations 
The AGT tested herein incorporated 8-in. (203-mm) deep blockouts on the W6x15 posts 
within the downstream end of the transition and 12-in. (305-mm) deep blockouts on the W6x8.5 
posts within the upstream MGS stiffness transition. Utilizing 12-in. (305-mm) deep blockouts 
throughout the AGT may help reduce vehicle snag on the larger transition posts, since the posts 
would need to be offset 4 in. (102 mm) farther from the rail. Thus, incorporating 12-in. (305-mm) 
deep blockouts throughout the AGT should also be considered a crashworthy configuration. 
However, the upstream stiffness transition was developed and tested exclusively with 12-in. (305-
mm) deep blockouts. Full-scale testing of the MGS stiffness transition did result in moderate 
vehicle snag on the guardrail posts when impacted with the small car [18-19, 36-37]. There are 
concerns that reducing the blockout depth in the MGS stiffness transition may result in increased 
vehicle snag. Consequently, blockouts less than 12 in. (305-mm) deep are not recommended for 
use within the upstream stiffness transition until further analysis is conducted. 
The concrete buttress utilized during the testing of the 34-in. (864-mm) tall AGT utilized 
a vertical front face to optimize vehicle stability during impacts. However, the adjacent bridge rail 
or concrete parapet may not have the same geometry. Thus, the downstream end of the buttress 
must contain a shape transition aligned with the adjacent bridge rail or concrete parapet. Shape 
transitions should be gradual to prevent vehicle instabilities. Based on previous simulation efforts, 
transitions to the face geometry of a rigid barrier incorporating lateral slopes steeper than 10:1 may 
cause stability issues [38]. Thus, it is recommended to utilize a 10:1 lateral slope to transition the 
shape of the standardized buttress, and shape transitions may begin 6 in. (152 mm) downstream 
from the thrie beam terminal connector, or 8 in. (203 mm) downstream from the attachment bolts. 
Further guidance on buttress shape transitions can be found in previous reports on the standardized 
buttress [12-13].  
Height transitions may be necessary for attachment to taller bridge rails and concrete 
parapets. The upstream end of the buttress was successfully tested with a vertical taper of 4 in. 
(102 mm) over a 24-in. (610-mm) length. This vertical slope on the upstream end may be continued 
upward with the same 6:1 slope until the desired height is reached. Thus, the 34-in. (864-mm) 
AGT developed herein can be utilized in conjunction with many different concrete barriers by 
simply altering the shape of the downstream end of the buttress. 
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The 34-in. (864-mm) tall AGT design requires the W-beam rail upstream from the AGT to 
be raised 3 in. (76 mm) after an overlay to maintain a 31-in. (787-mm) rail mounting height. To 
make this process easier, it is recommended that the guardrail posts supporting the MGS upstream 
from the AGT be fabricated with a secondary set of bolt holes located 3 in. (76 mm) above the 
typical holes. This will prevent installers from having to drill new holes in the post when adjusting 
the rail height, thereby making raising the W-beam rail a quick and easy process and reducing the 
potential for corrosion due to field drilled holes. 
With the successful testing conducted within this project, NDOT’s thrie beam transition in 
combination with the standardized transition buttress has been shown to be MASH crashworthy 
with rail mounting heights of 31 in. (787 mm) and 34 in. (864 mm). However, there have not been 
any studies to evaluate the system with rail heights below 31 in. (787 mm) or above 34 in (864 
mm). As such, the performance of the system outside of these bounds remains unknown. 
It was assumed herein that any roadways overlays would be extended laterally at least to 
the face of the rail, but not farther than the face of the posts. Extending an overlay past the posts 
would increase the embedment depth and stiffen the soil resistance around the posts. Previous 
crash testing has shown this to alter the behavior of the posts, increase rail pocketing and stresses, 
and ultimately lead to rail rupture. As such, any applied roadway overlay should not be extended 
beyond the face of the posts unless leave-outs are placed around the posts.  
Finally, it is recognized that not all roadway overlays are 3 in. (76 mm) thick, and thinner 
overlays may be placed in front of the AGT. Although overlays of all thicknesses reduce the 
effective height of the barrier, which may lead to increased vehicle instabilities and rollovers [14, 
39], it is unlikely that the barrier performance would be significantly affected by very thin overlays. 
In the authors’ opinion, it would seem unreasonable to have to alter long lengths of approach W-
beam guardrail that is connected to the 34-in. (864-mm) tall AGT for minimal thickness roadway 
overlays. Thus, it is suggested that the symmetric W-beam to thrie beam transition rail be replaced 
with the asymmetric rail and the approach W-beam guardrail be raised only for overlays exceeding 
1 in. (25 mm) thick.  
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9 MASH EVALUATION 
The 34-in. (864-mm) tall approach guardrail transition (AGT) developed for the Nebraska 
Department of Transportation was intended for use on roadways which may receive future 
overlays. The 34-in. (864-mm) tall AGT was based on the current NDOT thrie beam guardrail 
transition. However, the thrie beam rails were raised 3 in. (76 mm) from their nominal 31-in. (787-
mm) height. Rail at the downstream end of the AGT was supported by W6x15 posts spaced at 37.5 
in. (953 mm), while the upstream end rail elements were supported by W6x8.5 posts at various 
spacings corresponding to the MGS stiffness transition. The posts maintained their nominal 
embedment depths of 52 in. (1,321 mm) and 40 in. (1,016 mm), respectively, in order to maintain 
the stiffness of the AGT. Thus, the thrie beam rails and blockouts were attached 3 in. (76 mm) 
higher on the posts than nominal. Previous studies have concluded that guardrail can be raised up 
to 4 in. (102 mm) on the support posts and the system will remain crashworthy. A symmetric W-
to-thrie transition segment was utilized to attach the 34-in. (864-mm) tall thrie beam to 31-in. (787-
mm) tall MGS upstream from the AGT.  
The downstream end of the 34-in. (864-mm) transition was attached to a modified version 
of the standardized transition buttress. The overall height of the buttress was increased by 3 in. (76 
mm) to match the increased height of the thrie beam. Additionally, the height of the lower chamfer 
was increased from 14 in. (356 mm) to 17 in. (432 mm), but all other dimensions from the original 
standardized transition buttress remained the same.   
The upstream stiffness transition of the 34-in. (864-mm) tall AGT was specifically 
designed to replicate the MASH-crashworthy MGS stiffness transition. Upon initial installation, 
the only difference between the two systems was that the 34-in. (864-mm) tall AGT utilized a 
symmetric W-to-thrie transition rail instead of an asymmetric transition rail. Since the W-beam 
upstream from the transition rail was mounted at its nominal 31-in. (787-mm) height, vehicles 
impacting this region of the barrier should not extend over the rail and roll excessively. 
Additionally, the bottom of the symmetric transition rail has a shallower slope than the asymmetric 
segment and would likely produce less snag as a small vehicle tries to wedge underneath the rail. 
Thus, there were no concerns about vehicle stability and/or snag on the upstream stiffness 
transition of the 34-in. (864-mm) tall AGT prior to a roadway overlay. 
After the roadway overlay, the symmetric rail segment is replaced by an asymmetric 
segment and the W-beam of the adjacent MGS is raised 3 in. (76 mm) on the posts to maintain its 
nominal 31-in. (787-mm) mounting height. Thus, after an overlay, the upstream stiffness transition 
is essentially identical to the MASH-tested MGS stiffness transition. Since the MGS stiffness 
transition was previously subjected to and successfully passed MASH TL-3 criteria, the upstream 
stiffness transition within the 34-in. (864-mm) tall AGT would be MASH TL-3 crashworthy as 
well. Therefore, all crash testing of the upstream stiffness transition, both before and after an 
overlay, was deemed non-critical. 
At the downstream end of the 34-in. (864-mm) tall AGT, the increased height of the thrie 
beam exposed more of the rigid buttress below the rail and increased the propensity for vehicle 
snag. Both the front end of small cars and pickup truck tires were susceptible to excessive snag by 
extending below the rail and impacting the rigid buttress. As such, MASH TL-3 crash tests with 
both the small car and pickup truck were determined to be critical in evaluating the crashworthiness 
of the downstream end of the 34-in. (864-mm) tall AGT. 
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After a 3-in. (76-mm) overlay, the thrie beam would be at its nominal 31-in. (787-mm) 
height relative to the roadway, and the buttress geometry would be the same as the original 
standardized transition buttress. As such, the potential for vehicle snag on the buttress is decreased 
as the exposed area of the buttress is smaller. Further, the standardized transition buttress was 
developed and MASH crash tested to be compatible with all crashworthy 31-in. (787-mm) tall 
thrie beam AGTs. Subsequently, testing of the downstream end of the 34-in. (864-mm) tall AGT 
after the application of a 3-in. (76-mm) roadway overlay was deemed non-critical. Thus, only two 
full-scale tests were recommended to evaluate the crashworthiness of the 34-in. (864-mm) tall 
AGT to MASH 2016 TL-3 criteria. 
MASH test nos. 3-21 and 3-20 were both conducted on the downstream end of the 
transition with the rail mounted 34 in. (864 mm) above the roadway surface (pre-overlay 
configuration). Test no. 34AGT-1 was performed with a 2270P pickup truck impacting the system 
90½ in. (2,299 mm) upstream from the concrete buttress, while test no. 34AGT-2 was performed 
with an 1100C small car impacting 65 in. (1,651 mm) upstream from the buttress. Both vehicles 
were contained and smoothly redirected with minimal roll and pitch angular displacements. The 
system received only minor damage in the form of rail deformations, post deflections, and contact 
marks. The front tire of both vehicles did contact the buttress below the thrie beam rail causing 
significant deformations to the side front panels and toe pans of both vehicles. However, none of 
the MASH 2016 occupant compartment deformation limits were violated, and all ORA and OIV 
values were within MASH 2016 safety limits. Therefore, test nos. 34AGT-1 and 34AGT-2 were 
determined to be acceptable according to test designation nos. 3-21 and 3-20, respectively, of 
MASH 2016. 
Due to the two successful full-scale tests, the incorporation of the upstream MGS stiffness 
transition, and use of a modified version of the standardized transition buttress, as described herein, 
the 34-in. (864-mm) tall AGT was determined to be crashworthy to MASH 2016 TL-3 standards 
both before and after a 3-in. (76-mm) roadway overlay. 
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Appendix A. Material Specifications 
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Table A-1. Bill of Materials for Test Nos. 34AGT-1 and 34AGT-2 
Item 
No. 
Description Material Specification Reference 
a1 
12’-6” [3,810] 12-gauge [2.7] Thrie Beam 
Section 
AASHTO M180 H#L30117 
a2 
6’-3” [1,905] 12-gauge [2.7] Thrie Beam 
Section 
AASHTO M180 H#L34816 
a3 
10-gauge [3.4] Symmetrical W-beam to 





12’-6” [3,810] 12-gauge [2.7] W-Beam 
Section 
AASHTO M180 H#9411949 
a5 
12’-6” [3,810] 12-gauge [2.7] W-Beam 
MGS End Section 
AASTHO M180 H#9411949 
a6 






6’-3” [1,905] 12-gauge [2.7] W-Beam 
MGS Section 
AASHTO M180 H#515690 
b1 Concrete – 21.9 cubic ft [0.62 cubic m] Min. f’c = 4,000 psi [27.6 MPa] TICKET#4190653 
c1 BCT Timber Post – MGS Height 
SYP Grade No. 1 or better (No 
knots +/- 18” [457] from 
ground on tension face) 
CNWP COC – 
11/11/2016 
c2 72” [1,829] Long Foundation Tube ASTM A500 Gr. B H#0173175 
c3 Ground Strut Assembly ASTM A36 TII COC – 6/30/2008 
c4 BCT Cable Anchor Assembly n/a 
H#DL15103032 
L#366055B 
c5 Anchor Bracket Assembly ASTM 36 H#V911470 
c6 
8”x8”x5/8” [203x203x16] Anchor 
Bearing Plate 
ASTM 36 H#DL15103543 
c7 
2 3/8” [60] O.D. x 6” [152] Long BCT 
Post Sleeve 
ASTM A53 Gr. B Schedule 40 H#E86298 
d1 W6x8.5, 72” [1,829] Long Steel Post ASTM A992 H#55044258 
d2 W6x8.5, 72” [1,829] Long Steel Post ASTM A992 H#55044258 
d3 W6x8.5, 72” [1,829] Long Steel Post ASTM A992 H#55044258 
d4 W6x15, 84” [2,134] Long Steel Post ASTM A992 H#2612103 
d5 
6”x8”x19” [152x203x483] Timber 
Blockout 
SYP Grade No. 1 or better 
CNWP COC – 
7/18/2016 
d6 
6”x12”x19” [152x305x483] Timber 
Blockout 
SYP Grade No. 1 or better 
CNWP COC – 
7/18/2016 
d7 
6”x12”x19” [152x305x483] Timber 
Blockout 
SYP Grade No. 1 or better 
CNWP COC – 
7/18/2016 
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Table A-2. Bill of Materials for Test Nos. 34AGT-1 and 34AGT-2, Continued 
Item 
No. 
Description Material Specification Reference 
d8 
6”x12”x14 1/4” [152x305x368] Timber 
Blockout 
SYP Grade No. 1 or better 
CNWP COC – 
7/26/2016 
d9 16D Double Head Nail n/a McMaster-Carr COC 
e1 
1/2” [13] Dia., 92” [2,337] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e2 
1/2” [13] Dia., 65 3/4” [1,670] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e3 
1/2” [13] Dia., 63 1/2” [1,612] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e4 
1/2” [13] Dia., 62 1/4” [1,581] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e5 
1/2” [13] Dia., 80 3/4” [2,051] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e6 
1/2” [13] Dia., 40 1/4” [1,022] Long 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e7 
1/2” [13] Dia., 80 5/16” [2,039] Long 
Bent Rebar 
ASTM A615 Gr. 60 H#62139047 
e8 
1/2” [13] Dia., 85 1/2” [2,171] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
e9 1/2” [13] Dia., 80” [2,032] Long Rebar ASTM A615 Gr. 60 H#62139047 
e10 
1/2” [13] Dia., 80 1/2” [2,045] Long Bent 
Rebar 
ASTM A615 Gr. 60 H#62139047 
f1 
5/8” [16] Dia. UNC, 14” [356] Long 
Guardrail Bolt and Nut 
Bolt – ASTM A307 Gr. A 
Nut – ASTM A563A 
H#NF16100453 
f2 
5/8” [16] Dia. UNC, 10” [254] Long 
Guardrail Bolt and Nut 
Bolt – ASTM A307 Gr. A 
Nut – ASTM A563A 
H#20351510 
f3 
5/8” [16] Dia. UNC, 1 1/4” [32] Long 
Guardrail Bolt and Nut 
Bolt – ASTM A307 Gr. A 





5/8” [16] Dia. UNC, 10” [254] Long Hex 
Head Bolt and Nut 
Bolt – ASTM A307 Gr. A 
Nut – ASTM A563A 
Bolt: H#DL15102793 
Nut: Stelfast COC – 
12/7/2015 
f5 
5/8” [16] Dia. UNC, 1 1/2” [38] Long 
Hex Head Bolt and Nut 
Bolt – ASTM A307 Gr. A 
Nut – ASTM A563A 
Bolt: H#10207560 
Nut: Stelfast COC – 
12/7/2015 
f6 
7/8” [22] Dia. UNC, 14” [356] Long 





7/8” [16] Dia. UNC, 8” [203] Long Hex 
Head Bolt and Nut 
Bolt – ASTM A307 Gr. A 




5/8” [16] Dia. UNC, 2” [51] Long 
Guardrail Bolt and Nut 
Bolt – ASTM A307 Gr. A 
Nut – ASTM A563A 
H#1377346 
g1 5/8” [16] Dia. Plain Round Washer ASTM F844 n/a 
g2 7/8” [22] Dia. Plain Round Washer ASTM F844 n/a 
g3 
3”x3”x1/4” [76x76x6] Square Plate 
Washer 


















































































































Figure A-4. Symmetrical W-Beam to Thrie Beam Transitions for Test No. 34AGT-1 
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Figure A-5. Symmetrical W-Beam to Thrie Beam Transition for Test No. 34AGT-2 and Thrie 


















































































































Figure A-8. 6-ft 3-in. (1.9-m) W-Beam MGS Sections for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-9. Concrete for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-12. Ground Strut Assembly for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-15. 8-in. x 8-in. x ⅝-in. (203-mm x 203-mm x 16-mm) Anchor Bearing Plates and ⅝-in. (16-mm) Dia. UNC, 1¼-in. (32-
mm) Long Guardrail Bolts and Nuts for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-16. 2⅜-in. (60-mm) O.D. x 6-in. (152-mm) Long BCT Post Sleeves for Test Nos. 
34AGT-1 and 34AGT-2 
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Figure A-18. W6x15, 84-in. (2,133-mm) Long Steel Posts for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-19. 6-in. x 8-in. x 19-in. (152-mm x 203-mm x 483-mm) Timber Blockouts for Test 
Nos. 34AGT-1 and 34AGT-2 
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Figure A-20. 6-in. x 12-in. x 19-in. (152-mm x 305-mm x 483-mm) Timber Blockouts for Test 
Nos. 34AGT-1 and 34AGT-2 
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Figure A-21. 6-in. x 12-in. x 14¼-in. (152-mm x 305-mm x 362-mm) Timber Blockouts for Test 
Nos. 34AGT-1 and 34AGT-2 
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Figure A-22. 16D Double Head Nails for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-23. ½-in. (13-mm) Dia. Bent Rebar for Test Nos. 34AGT-1 and 34AGT-2 
March 27, 2019 




Figure A-24. ⅝-in. (16-mm) Dia. UNC, 14-in. (356-mm) Long Guardrail Bolts and Nuts for Test 
Nos. 34AGT-1 and 34AGT-2 
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Figure A-25. ⅝-in. (16-mm) Dia. UNC, 10-in. (254-mm) Long Guardrail Bolts and Nuts for Test 
Nos. 34AGT-1 and 34AGT-2 
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Figure A-26. ⅝-in. (16-mm) Dia. UNC, 10-in. (254-mm) Long Hex Head Bolts for Test Nos. 
34AGT-1 and 34AGT-2 
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Figure A-27. ⅝-in. (16-mm) Dia. Hex Head Nuts for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-28. ⅝-in. (16-mm) Dia. UNC, 1½-in. (38-mm) Long Hex Head Bolts for Test Nos. 
34AGT-1 and 34AGT-2 
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Figure A-29. ⅞-in. (22-mm) Dia. UNC, 14-in. (356-mm) Long Heavy Hex Bolts for Test Nos. 
34AGT-1 and 34AGT-2 
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Figure A-30. ⅞-in. (22-mm) Dia. Heavy Hex Nuts for Test Nos. 34AGT-1 and 34AGT-2 
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Figure A-31. ⅞-in. (22-mm) Dia. UNC, 8-in. (203-mm) Long Hex Head Bolts for Test Nos. 


















































































































Figure A-34. 3-in. x 3-in. x ¼-in. (76-mm x 76-mm x 6-mm) Square Plate Washers for Test Nos. 34AGT-1 and 34AGT-2 
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Appendix B. Vehicle Center of Gravity Determination 
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Figure B-1. Vehicle Mass Distribution, Test No. 34AGT-1 
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Figure B-2. Vehicle Mass Distribution Continued, Test No. 34AGT-1
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Figure B-3. Vehicle Mass Distribution, Test No. 34AGT-2 
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Figure B-4. Vehicle Mass Distribution Continued, Test No. 34AGT-2 
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Appendix C. Static Soil Tests 
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Figure C-1. Soil Strength, Initial Calibration Tests, Test No. 34AGT-1
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Figure C-2. Static Soil Test, Test No. 34AGT-1
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Figure C-3. Soil Strength, Initial Calibration Tests, Test No. 34AGT-2
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Figure C-4. Static Soil Test, Test No. 34AGT-2
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Appendix D. Vehicle Deformation Records 
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Figure D-1. Floor Pan Deformation Data – Set 1, Test No. 34AGT-1 
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Figure D-2. Floor Pan Deformation Data – Set 2, Test No. 34AGT-1 
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Figure D-3. Occupant Compartment Deformation Data – Set 1, Test No. 34AGT-1 
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Figure D-4. Occupant Compartment Deformation Data – Set 2, Test No. 34AGT-1 
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Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. 34AGT-1 
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Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. 34AGT-1 
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Figure D-7. Exterior Vehicle Crush (NASS) - Front, Test No. 34AGT-2 
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Figure D-8. Exterior Vehicle Crush (NASS) - Side, Test No. 34AGT-2 
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Longitudinal CFC-180 10-msec Extracted Average Acceleration - SLICE-1



























































Longitudinal Change in Velocity - SLICE-1































































Longitudinal Change in Displacement - SLICE-1





























































Lateral CFC-180 10-msec Extracted Average Acceleration - SLICE-1





























































Lateral Change in Velocity - SLICE-1





























































Lateral Change in Displacement - SLICE-1






































































Euler Angular Displacements - SLICE-1


























































Acceleration Severity Index (ASI) - SLICE-1
ASI
34AGT-1



























































Longitudinal CFC-180 10-msec Extracted Average Acceleration - SLICE-2



























































Longitudinal Change in Velocity - SLICE-2
































































Longitudinal Change in Displacement - SLICE-2





























































Lateral CFC-180 10-msec Extracted Average Acceleration - SLICE-2





























































Lateral Change in Velocity - SLICE-2





























































Lateral Change in Displacement - SLICE-2






































































Euler Angular Displacements - SLICE-2



























































Acceleration Severity Index (ASI) - SLICE-2
ASI
34AGT-1
Maximum ASI = 1.587790126
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Longitudinal CFC-180 10-msec Extracted Average Acceleration - SLICE-1



























































Longitudinal Change in Velocity - SLICE-1



























































Longitudinal Change in Displacement - SLICE-1

































































Lateral CFC-180 10-msec Extracted Average Acceleration - SLICE-1




























































Lateral Change in Velocity - SLICE-1





























































Lateral Change in Displacement - SLICE-1







































































Euler Angular Displacements - SLICE-1
























































Acceleration Severity Index (ASI) - SLICE-1
ASI
34agt-2





























































Longitudinal CFC-180 10-msec Extracted Average Acceleration - SLICE-2



























































Longitudinal Change in Velocity - SLICE-2



























































Longitudinal Change in Displacement - SLICE-2

































































Lateral CFC-180 10-msec Extracted Average Acceleration - SLICE-2




























































Lateral Change in Velocity - SLICE-2




























































Lateral Change in Displacement - SLICE-2






































































Euler Angular Displacements - SLICE-2























































Acceleration Severity Index (ASI) - SLICE-2
ASI
34agt-2
Maximum ASI = 2.299492123
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